Shrimp is a popular seafood in Trinidad and Tobago which is mainly caught in the coastal environs and sold mostly for domestic consumption. The objectives of the research were to determine if chemical contaminants copper, zinc, cadmium, chromium, nickel and mercury in the marine shrimp (Penaeus spp.) met international and local food safety standards and; to investigate any location by season interactions. Determination of all heavy metals was by flame atomic absorption spectroscopy except for mercury. Validation of methods was done using Certified Reference Materials namely dogfish liver and fish protein. The heavy metal findings in the marine shrimp were well below the United States Food and Drug Administration, Canada's Food Inspection Agency and, Trinidad and Tobago's admissible limits for human consumption. Significant differences were observed only for copper by location and season interaction and; zinc by location and season respectively.
mercury pollution held in Port of Spain, Trinidad from 18-21 January 2005 found that there were gaps in the data for the Caribbean islands in relation to mercury levels found in air, land, soil, fish and shellfish (UNEP, 2005) .
It is also noticeably evident from two studies in Trinidad that land species crustaceans found near coastal villages and mollusks exceeded heavy metal permissible limits for human consumption (Singh, 1988 and and Rojas de Astudillo, 2002) . The zinc (Zn) and copper (Cu) levels in two species of land crab (Cardisoma guanhumi and Ucides cordatus) collected at Guayamare, Mayaro and Cacandee during July 1985 July , 1986 July and 1988 respectively were above the permissible limits for human consumption (Singh, 1988) . The Zn levels in C. guanhumi crab ranged from (62.94 -85.78 ) μg g -1 wet weight (wt.) and in U. cordatus (64.82 -67.16 ) μg g -1 wet wt., both exceeding Zn's local permissible limit of 50 μg g -1 wet wt. Similarly, the Cu level in C. guanhumi ranged from 22.84 to 26.78 μg g -1 wet wt., exceeding Cu's maximum permissible limit (MPL) of 20 μg g -1 wet wt. In the second study Rojas de Astudillo (2002) reported that Zn and Cu levels in oysters (Crassostrea spp.) from Gulf of Paria sampled in November 1999 also exceeded local MPL (Cu = 20 μg g -1 wet wt.; Zn = 50 μg g -1 wet wt.) for human consumption. Similarly, Zn levels in the oysters collected at Chacachacare, Chaguaramas, Caroni, La Brea and Cedros ranged from 138.47 to 540.13μg g -1 , while the oysters sampled at Chaguaramas, La Brea and Cedros had Cu in the range 28.13 to 52.10 μg g -1 wet wt., many in excess of local MPL. Additionally, mussels (Perna viridis) sampled in November 1999 from the Caroni Swamp showed high levels of Zn at 89.23 μg g -1 wet wt., in excess of the MPL.
Several countries have developed maximum acceptable concentrations for commercialization and consumption of crustacean and seafood (Carbonell et al., 1998) such as the United States, Canada and also Trinidad and Tobago, a developing country. The safety of consuming shrimp in Trinidad and Tobago is unknown. There exist no data in the literature to provide evidence for the levels of the heavy metal in Trinidad and Tobago's shrimp as well as for seasonal variations. The objectives of the study were to determine: (1) if Cu, Zn, cadmium (Cd), chromium (Cr), nickel (Ni) and mercury (Hg) were present in Trinidad's marine shrimp (Penaeus spp.), at levels which met international and local food safety standards for human consumption as summarized in Table 1 , and for which relevant action may be necessary and; (2) to evaluate any location (geographical) by season interactions as well as location (geographical) and seasonal variations respectively of heavy metals Cu, Zn, Cd, Cr, Ni and Hg in Trinidad's marine shrimp.
Materials and Methods

Source of shrimp, sampling protocol and collection
Shrimp (Penaeus spp.) were purchased at four wholesale and retail fish depots along the western coastline of Trinidad at Orange Valley, Otaheiti and Sealots, Port of Spain and Claxton Bay, as well as from three road side vendors in the Tunapuna region for the period January to December 2009. Shrimp samples 8.5-11.5cm in length were purchased seasonally, four times per year from January to February, March to April, July to August and September to October in each of the five (5) selected areas from three vendors respectively on site. The total number of samples examined for this research was sixty (60) Two pounds (800g) of shrimp samples obtained from each vendor were placed into sterile bags and transported to the Food Production -Microbiology laboratory at The University of the West Indies within 2 hours of purchase in an ice cooler to maintain a temperature of approximately 4°C; and then frozen at -20°C until it was time to analyse for Cu, Zn, Cd, Ni, Cr and Hg.
Preparation of shrimps for heavy metal analysis
Approximately one pound (about 400 grams) of each sampled shrimp was de-headed, de-shelled and de-veined. The shrimp tissues were then rinsed with distilled water and well drained. The shrimp were then macerated at high speed for 2 minutes using a Waring Blender (Model 31BL92, Connecticut, U.S.A). The macerated shrimp tissues were then frozen in polythene bags at -20 o C and heavy metal analyses were conducted within one year of purchase.
All glassware used for heavy metal and mercury analyses were washed with detergent, rinsed in distilled water, pre-soaked in 5% nitric acid for 24h, rinsed with de-ionised water and allowed to air-dry before use.
Determination of Cu, Zn, Cd, Cr and Ni in shrimps (Penaeus spp.)
A slightly modified version of the method used by Rojas de Astudillo (2002) was carried out in this investigation. Triplicate 3g aliquots of shrimp tissue macerates were weighted into boiling tubes. Concentrated analytical grade nitric acid (10mL) was added to directly to each sample and vortexed to ensure that all the macerated shrimp tissues were fully submerged in the acid. The samples were covered with glass plates in the fume hood and allowed to predigest overnight at room temperature. Reagent blanks were processed simultaneously in triplicate. The samples were refluxed on a heating block at 130-135 o C for 6 hours. After cooling for 20 minutes, 5mL deionised water was added to dilute each sample which was then filtered into a 25mL volumetric flask, using Whatman 542 filters, and made up volume with deionised water rinses of the residues. Cu, Zn, Cd, Cr and Ni in the samples were determined by flame atomic absorption spectroscopy (FAAS) using a Varian Model SpectraAA-880 (Australia). A deuterium background correction was used for all metals except chromium. In-date commercial metal calibration standards (BDH, Poole, U.K.) were used to prepare fresh multi-element calibration standards each time that the samples were analysed. Optimisation of the method was conducted using of 3g duplicates of macerated shrimp tissue being pre-digested overnight in 10mL volume of nitric acid digesting at130-135 oC, since previous studies done by Rojas de Astudillo (2002) showed that the 10mL volume of nitric acid had provided optimal recoveries for the metals in shellfish. Optimization of the heavy metal method consisted of varying the reflux time at 4, 5, 6, 7 and 8 hours for obtaining the highest recoveries for Cu, Zn and Cd in the shrimp samples.
Cu and Zn were chosen for optimizing the method, as shellfish tend to have high levels of Cu and Zn, based on reports in published literature (Van den Broek, 1979; Singh, 1988; Guns et al., 1999; Rojas de Astudillo, 2002 & Liang et al., 2004 .
Evaluation of plastic storage bags for possible heavy metal contamination
Since sealed polyethylene bags were used to store the macerated shrimp samples for extended periods before heavy metal analyses were conducted, it was necessary to determine whether these bags were possible sources of contamination of the samples.
Three bags from each box of bags were randomly sampled. Into each was measured 100mL of 0.1M nitric acid, the bags were closed and left to stand at room temperature for 1 hour. The leaching solutions from the sealed bags were analyzed by FAAS, using the nitric acid solution as a blank. The metal levels in the sealed storage bags were negligible (Cd and Cr: 0.00 µg mL -1 ; Ni: 0.07 µg mL -1 ; Cu 0.01 µg mL -1 and Zn: 0.02 µg mL -1 ). The surface area of each the Ziploc bag was approximately 250cm 2 .
Determination of mercury in shrimp samples (Penaeus spp.)
A slightly modified version of the method outlined by Rojas de Astudillo (2002) was used in this investigation. Three replicates of 3g aliquots of shrimp tissue macerates were weighted into boiling tubes. Then, 10mL concentrated analytical grade nitric acid was added to each macerate, and left to pre-digest overnight hours at room temperature in a fume hood, while covered with glass plates to avoid aerial contamination. The boiling tubes were then placed on a heating block at 130-135 o C for 3 hours. Concentrated sulphuric acid (2.5 mL) and concentrated hydrochloric acid (1.0 mL) were then added slowly to each sample, which were then allowed to reflux for 3 more hours. After cooling for 20 minutes, potassium manganate (VII) solution (5% m/V) was added drop-wise to each sample until a first permanent pink coloration was observed. Hydroxlamine solution (10% m/V) was immediately added to destroy the excess potassium manganate (VII). The digest was diluted with 5mL deionised water, then filtered into 25mL volumetric flasks, through Whatman 542 filters, and made up volume with deionised water rinses of the residues. Triplicate reagent blanks were processed simultaneously. Hg in shrimp was determined by cold vapour atomic absorption on the Varian Model SpectraAA-880 (Australia). In-date commercial metal calibration standards (BDH, Poole, U.K.) were used to prepare fresh calibration standards each time that the samples were analysed.
Validation of methods for Cu, Zn, Cd, Cr, Ni and Hg
The methods were validated using Certified Reference Materials (CRM) namely dogfish liver (DOLT-2) and (DOLT-4) respectively and fish muscle tissues (DORM-3) from the National Research Council of Canada with recoveries that were consistent and ranged from (91.83 to 111.89%), with the exception of DORM-3and DOLT-4 for nickel, for which percent recoveries were slightly higher (116.95 -117.33%) as shown in Table 2 . Three replicates of each CRM were subsequently analyzed with each batch of shrimp samples to monitor and control the quality of analyses.
Statistical analyses
Statistical analyses were carried out using Statistical Package for Social Sciences (SPSS) version 17 software. One-way Analysis of Variance (ANOVA) was used to determine significant variations in the reflux time for the absorbencies of Cu, Zn and Cd at a 5% level of significance. Case summaries provided mean recoveries and standard errors for the CRM. Additionally, Univariate Analysis of Variance was used to determine significant differences in the interaction of location by seasons as well as significant variations of season and location respectively for each of the metal investigated in this research.
Results
Optimization of reflux time for Cu, Zn and Cd
One-way ANOVA showed that the absorbencies of Cu (P = 0.43), Zn (P = 0.36) and Cd (P = 0.17) did not vary significantly, in relation to the reflux times of 4, 5, 6, 7 and 8 hours respectively.
Heavy metal findings in shrimp sampled in Trinidad in 2009
3.2.1 Heavy metal findings in shrimp from Trinidad in relation to the international and local permitted levels for human consumption of foods
The shrimp sampled in Trinidad in 2009 had metal levels well below admissible limits for human consumption according to international and local standards (US FDA, 1993; T&T Food and Drug Regulation, 2007 & CFIA, 2009 ) as shown in Table 1 . Additionally, the shrimp sampled from Claxton Bay in 2009 had Ni concentration below its limit of quantitation (LOQ) ( Table 1) .
Effect of location, season and location*season interaction of the shrimp sampled in Trinidad in 2009
Only Cu showed significant effects on the location by season interaction (P = 0.03) as shown in Table 3 , with the dry season displaying higher trends of Cu concentrations in the shrimp samples purchased from Orange Valley followed by Otaheiti, Port of Spain, Tunapuna and Claxton Bay relative to the wet season.
Similarly, only Zn showed significant location (P = 0.00) and seasonal (P = 0.02) differences respectively. The Zn concentrations were highest in shrimp sampled at Tunapuna followed by Otaheiti, Port of Spain, Orange Valley and Claxton Bay respectively (Table 3) . Additionally, the dry season showed an overall higher level of Zn in the shrimp samples relative to the wet season (Table 3) 
Discussion of Heavy Metal in Shrimp
A sample extraction reflux time of 6 hours was used for all shrimp samples in this project, to ensure the complete decomposition of all the organic Cu, Zn, Cd, Cr, Ni and Hg into their respective inorganic forms.
The CRM namely, DOLT-4, DORM-3 and DOLT-2 validated the methods for the metals of interest to this project as shown in Table 2 , with recoveries ranging from ). This showed the method to be accurate and precise for the determination of the selected heavy metals in shrimp.
In addition, the CRM recoveries for the metals Cu, Zn, Cd, Cr and Hg in this research agreed well with those found in the literature (Tu et al., 2008; Maanan, 2008 & Cui et al., 2011 . However the nickel recoveries in DORM-3 and DOLT-4 were slightly higher and ranged from (116.95 -117.33%) which could have been attributed to possible matrix interferences (Sundberg, 1973) . Nevertheless, the results of analysis were not adjusted for these recoveries for nickel.
The metal concentrations of the Penaeus shrimp species sampled in 2009 in Trinidad were well below the maximum admissible limits for human consumption according to international and local standards (US FDA 1993; CFIA 2011; and T&T Food and Drug Regulation 2007) as shown in Table 1 , which suggested that they were safe to consume; although the Gulf of Paria's coastline is considered to be heavily polluted given that it is one of the most industralised areas in the region (Dhoray & Teelucksingh, 2007) .
The metal levels found in the local Penaeid shrimp may be attributed to their short lifespan of approximately 1 to 2 years, as well as the constant movement of the shrimp during their life cycle (Kuruvilla, 2001) , thus minimizing the shrimp's ability to accumulate the metals in their muscle tissue.
Cd, Cr, Cu, Zn and Hg findings in the local shrimp (Penaeus spp.) were lower than those reported in various shrimp species from India, China, Egypt and Turkey (Guhathakurta & Kaviraj, 2000; Soliman, 2006; Yılmaz & Yilmaz, 2007; Tag El-Din et al., 2009 & Wu & Yang, 2011 , some of which exceeded the maximum admissible limits for human consumption when compared to international and local standards (US FDA, 1993; T&T Food and Drug Regulation, 2007 & CFIA, 2011 (Table 3 ). This may have resulted from the run-offs of Cu-based agricultural pesticides mostly in the dry season when crops and rice are commonly cultivated in Trinidad. These run-offs travel through streams and rivers and, ultimately into the Gulf of Paria where shrimp are short-lived, harvested and then brought to vending sites for purchase. Additionally, high Cu concentration in the shrimp may also be associated to the essential role of the metal in crustaceans for the metabolic functioning of proteins such as haemocyanin (White & Rainbow, 1982) .
The Zn concentration in the shrimp showed a significant seasonal difference (P = 0.02) with the dry season having higher concentration of 10.15 μg g -1 wet wt. versus 9.71 μg g -1 wet wt. in the wet season (Table 3) , which may be attributed to the coastal habitats being affected by anthropogenic metal contamination and possibly widespread faecal pollution (Nunez-Nogueira and Rainbow, 2005; Bachoon et al., 2010) .
The significantly higher concentrations of Cu and Zn from Trinidad's shrimp in dry season were consistent with the previous study done by Rojas de Astudillo (2002) , except Cu and Zn concentrations in that study were found to be above permissible limits for human consumption in other types of shellfish, namely, oysters and mussels from Trinidad and Venezuela.
Also, the shrimp sampled at Tunapuna had the highest Zn concentration of 10.61 μg g -1 wet wt., followed by Otaheiti, Port of Spain, Orange Valley and Claxton Bay at 10.43, 10.05, 10.02 and 8.99 µg g -1 wet wt. respectively which suggested that continuous care must be taken to monitor the metal levels in marine shrimp especially if they exceed international and local permissible limits for human consumption.
The metals levels in the Ziploc storage bags were negligible, which suggested that these storage bags were not responsible for any heavy metal contamination of the sampled shrimp.
Conclusion
The marine shrimp (Penaeus spp.) in Trinidad were safe to consume since the metal (Cu, Zn, Cd, Cr, Ni and Hg) concentrations were well below local and international admissible limits for human consumption. Some vending sites (locations) had higher levels of metal contamination mainly in the dry season which may have been due to anthropogenic metal contamination along the coastline or further in-land. 
